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Available online 11 September 2016Objectives: The Department of Defense reported that 344,030 cases of traumatic brain injury (TBI) were clinically
conﬁrmed from 2000 to 2015, with mild TBI (mTBI) accounting for 82.3% of all cases. Unfortunately, warﬁghters
with TBI are often identiﬁed only when moderate or severe head injuries have occurred, leaving more subtle
mTBI cases undiagnosed. This study aims to identify and validate an eye-movement visual test for screening
acute mTBI.
Methods: Two-hundred active duty military personnel were recruited to perform the King-Devick® (KD) test.
Subjects were equally divided into two groups: those with diagnosed acute mTBI (≤72 h) and age-matched con-
trols. The KD test was administered twice for test-retest reliability, and the outcome measure was total cumula-
tive time to complete each test.
Results: The mTBI group had approximately 36% mean slower performance time with signiﬁcant differences be-
tween the groups (p b 0.001) in both tests. There were signiﬁcant differences between the two KD test adminis-
trations in each group, however, a strong correlation was observed between each test administration.
Conclusions: Signiﬁcant differences in KD test performance were seen between the acute mTBI and control
groups. The results suggest the KD test can be utilized for screening acute mTBI. A validated and rapidly admin-
isteredmTBI screening test with results that are easily interpreted by providers is essential in making return-to-
duty decisions in the injured warﬁghter.
Published by Elsevier B.V.Keywords:
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Military1. Introduction
The Department of Defense reported that 344,030 cases of traumatic
brain injury (TBI) were clinically conﬁrmed from 2000 to 2015, with
mild TBI (mTBI) accounting for 82.3% of all cases [1]. Warﬁghters who
experienced mild head impacts producing subtler injuries are harder
to diagnose versus thosewarﬁghterswhohave sufferedmoderate to se-
vere head injuries. Some of the confounders in identifying post-concus-
sive problems include the overlap of symptoms in co-morbid disorders
such as post-traumatic stress disorder (PTSD) [8,20], and the difﬁculty
in diagnosing self-reported symptoms to the health provider [19].
A recently convened military mTBI diagnostics workshop empha-
sized the lack of biomarkers or diagnostic tests for mTBI [15,19]. Conse-
quently, there is a quest for objective markers (e.g., protein, imaging,
cognitive, neurosensory) to diagnosewarﬁghterswithmTBI/concussion
[15]. In combat or training scenarios, warﬁghters having cognitive and
neurosensory difﬁculties triggered by an mTBI event can put lives andsh).safety in danger when operating in environments that depend on opti-
mal situational awareness and perception of the surrounding environ-
ment. Having a rapid and accurate diagnostic tool in the management
and treatment of mTBI generally improves an individual's prognosis
for neurological recovery [10,17,18] and safe return-to-duty (RTD) [9,
11,25]. Valid diagnostic tests are particularly important in theater to as-
sist deployed clinicians in making accurate determination of RTD or
evacuation from theater. Returning awarﬁghterwith a possible head in-
jury back to duty prior to recovery puts thewarﬁghter at a greater risk of
disability if they suffer further brain trauma [22].
Seven of the twelve cranial nerves, alongwith approximately 30% of
the brain [23,24], are involved in visual processing; therefore, it should
be no surprise that oculomotor/saccadic eye movements are commonly
affected in individualswithmTBI/concussion [2–4,7]. Saccades are rapid
movements of the eyes as they shift ﬁxation from one point to another.
The King-Devick® (KD) test is a rapid, easy-to-administer eye move-
ment test developed in 1976, and used to assess dyslexia and other
learning disabilities [5]. In recent studies, theKD test has been examined
as a potential screening tool for assessment of concussions in sports
such as boxing, football, hockey, soccer, and rugby [5,6,12,13]. All of
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and post-concussive differences which suggests the KD test could po-
tentially be used to identify warﬁghters who have suffered mTBI/con-
cussion. Finally, test–retest reliability for the KD test has been
examined in previous studies and shown to be high, with intraclass cor-
relations of 0.97 (95% conﬁdence interval [CI] 0.90, 1.0) between mea-
surements in the absence of concussion [5,6].
The purpose of this study was to assess an “off-the-shelf” eye move-
ment test, the King-Devick®, in those who have experienced an acute
mTBI/concussion. The results of this study may validate the use of an
easy-to-administer and interpret eye movement test as a post-mTBI
screening tool which can be added to a range of concussion assessment
tools in assisting health-care providers with RTD decisions in
warﬁghters.2. Methods
2.1. Subjects
Two-hundred active duty military personnel were recruited for the
study. The subjects were divided into two groups: thosewith diagnosed
acute mTBI (≤72 h; n=100) and age-matched controls (n=100). The
diagnosis of mTBI was made by primary care providers at a military
Concussion Care Clinic based on a Glasgow Coma Scale score from 13
to 15, normal structural brain imaging, if available, and meeting at
least one of the following criteria: any alteration of mental state; loss
of consciousness though not exceeding 30 min; posttraumatic amnesia
of no more than 24 h. Inclusion criteria for the control group were any
active-duty service member with no history of mTBI/concussion. The
study was approved by theWomack Army Medical Center Institutional
Review Board and the US Army Medical Research and Materiel Com-
mand (USAMRMC), Human Research Protection Ofﬁce. Each subjectFig. 1. King-Devick cards. The ﬁrst card (top left) is the demonwas provided written informed consent before participating in the
study.
2.2. Equipment & procedures
The KD test used to evaluate saccadic eye-movement performance is
shown in Fig. 1. The KD test is based on themeasurement of the speed of
rapid number naming and involves reading aloud a series of single-digit
numbers from left to right on three progressively more difﬁcult test
cards. Standardized instructions provided with the instrument were
used. The KD test was administered in a well-lit room at a normal read-
ing distance (i.e., 40 cm)with the subject's best near-visual correction, if
needed (e.g., glasses, contact lenses). To begin, a demonstration card
was shown to the subject with explicit instructions on how to perform
the test. The subject was instructed to read the numbers as fast as pos-
sible without making errors. If error(s) were made, and the subject
returned to correct the error(s), then the error(s) were not counted.
The subjects were instructed not to use their hands or ﬁngers on the
card to assist during the testing. Speed and accuracy were emphasized
throughout the test and the cumulative timeswere recorded by the tes-
ter. The cumulative time was measured with a stopwatch, and the test
was administered twice with an approximately 5-minute gap between
each test administration.
2.3. Statistical analyses
Means and standard deviations were calculated for each group with
cumulative time to complete each KD test being the outcome measure.
A Shapiro-Wilk test for normality was performed on all data, and indi-
cated the presence of non-normal distributions. Thus, in each group, a
WilcoxonMatched-Pairs Signed-Rank Test was used to conﬁrm test-re-
test reliability by comparing the KD test results from time 1 to time 2. A
Mann-Whitney U was performed to compare control vs. mTBI groupstration card, and subsequent cards are tests I, II, and III.
Table 2
Mechanisms of injury.
Percent (%)
Blunt force 5
Combative training 2
Fall 7
Parachute jump 69
Motor vehicle accident 6
Sports/recreational activities 5
Other 6
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on the groups' data, medians (Mdn) and Interquartile Ranges (IQR)
were also reported. Statistical signiﬁcancewas set at p b 0.05, and statis-
tical analyses were performedwith the Statistical Package for Social Sci-
ences (SPSS) 20.0 software and GraphPad Prism 6 (GraphPad Software,
San Diego, CA).
3. Results
3.1. Demographics & mechanisms of injury
Demographics information of both groups is shown in Table 1. The
mean age of both groups was 26.31 ± 5.83. In both groups, subjects
were predominantly male (87% mTBI vs. 79% controls), Caucasian, and
most were junior enlisted (E1–E4) Army soldiers. The mechanisms of
injury (MOI) of the acute mTBI group are shown in Table 2. Out of the
100 mTBI subjects, a little more than two-thirds were injured due to
parachute jump. Each of the remainingMOI reported (blunt force, com-
batives, fall, motor vehicle accident, sports/recreational activities, other)
accounted for b10% of the injuries in this sample population. None of
the subjects suffered from a blast-induced mTBI.
3.2. King-Devick test
Descriptive statistics are shown in Table 3. In test 1, themean cumu-
lative test times for the mTBI and control groups were 62.01 ± 19.91 s
(95% CI [58.06, 65.96]) and 45.65 ± 8.31 s (95% CI [44.00, 47.30]), re-
spectively. In test 2, the mean cumulative test time for the mTBI and
control groups were 58.57 ± 19.71 s (95% CI [54.64, 62.47]) and
43.40 ± 8.10 s (95% CI [41.80, 45.01]), respectively. The Wilcoxon
Matched-Pairs Signed-Rank Test revealed a signiﬁcance difference be-
tween the two test administrations (time 1 versus time 2) in both
groups (controls: z =−5.90, p b 0.001; mTBI: z =−5.32, p b 0.001).
Due to the signiﬁcant differences between the two tests administered
to both study groups, a correlation analysis was performed. Spearman's
ρ's were 0.918 (p b 0.001) and 0.949 (p b 0.001) for repeated tests for
the control and mTBI groups, respectively (Fig. 2).
For test time 1, a Mann-Whitney U test revealed signiﬁcant differ-
ences between themTBI (Mdn= 58.29, IQR=49.41–72.97 s) and con-
trol (Mdn = 44.93, IQR = 39.21–50.49 s) groups, U= 2168, p ≤ 0.001
(Fig. 3). Similarly, in time 2, a signiﬁcant difference was found between
the mTBI (Mdn = 53.49, IQR = 45.70–70.94 s) and control (Mdn =Table 1
Demographics.
mTBI (n= 100) Controls (n= 100)
Age (years ± SD) 26.31 ± 5.83 26.31 ± 5.83
Sex (%)
Males 87 79
Females 13 21
Branch
Army 99 97
Marines 1 0
Navy 0 1
Air force 0 2
Military rank (%)
E1–E4 62 54
E5–E6 25 17
E7–E9 3 2
CW2–CW3 2 2
O1–O5 8 25
Ethnicity (%)
Caucasian 60 58
African-American 14 18
American-Indian 3 1
Hispanic 14 13
Asian 3 6
Other 6 4
SD= standard deviation.42.80, IQR= 37.13–47.97) groups, U=2380, p ≤ 0.001 (Fig. 3). Finally,
the mTBI mean cumulative reading times were approximately 36%
slower in both administration times 1 and 2.4. Discussion
The primary aim of the present study was to investigate the poten-
tial use of the KD test, an eye-movement screening test, as a diagnostic
tool for warﬁghters who may have suffered an mTBI/concussion event.
Results from the study demonstrated signiﬁcant differences in KD test
performance between the acute mTBI and age-matched control groups.
The KD test showed a little more than one-third slower reading time in
themTBI group. For both groups, there was a statistically signiﬁcant dif-
ference between the two test administration times, though the test-re-
test correlations were strong, indicating solid test-retest reliability in
both the mTBI and control groups.
Numerous previous studies have validated the KD test on athletes,
though with study subjects receiving baseline assessments and serving
as their own controls [5,6,12,13]. Prior KD test studies utilizing separate
control groups have shown signiﬁcant differences between the controls
and experimental groups; however, their experimental groups
consisted of patients with Parkinson's disease [14] and multiple sclero-
sis [16], not acutemTBI as seen in the present study. But a recent KD test
study on subjects recruited from an emergency department did include
acute (within 72 h)mTBI patients and controls [21]. Their study did not
ﬁnd signiﬁcant differences in KD test performance between the mTBI
and control groups. This ﬁndingwas contrary to previous sports-related
concussions studies, and Silverberg et al. primary argument concerning
the different results was their patients' mean assessment time was 31 h
post-injury, whereas, the data collected in the other sports-related inju-
ry studies referenced here was within 60 min post-injury. Silverberg et
al. theorized “sensitivity of the K-Dmay dissipate rapidly over the hours
to days following anmTBI.” In the present study, the subjects' mean as-
sessment time was 2.02 days post-injury; therefore, the average post-
injury was more comparable to the Silverberg et al. study. The differ-
ences in results between the studies could be due to the approximately
3.4 times greater sample size in the present study (200 vs. 59).
A limitation of the present study was no baseline KD testing was
performed on the two groups of subjects. The KD test decision matrix
in screening head injuries is based upon differences in baseline and
post-injury KD times of the injured individuals. However, the study's
signiﬁcant result between the groups does strongly suggest thatTable 3
Descriptive statistics.
mTBI Controls
Mean ± SD Median (IQR) Mean ± SD Median (IQR)
Test 1
(s)
62.01 ±
19.91
58.29
(49.41–72.97)
45.65 ±
8.31
44.93
(39.21–50.49)
Test 2
(s)
58.57 ±
19.71
53.49
(45.70–70.94)
43.40 ±
8.10
42.80
(37.13–47.97)
s = seconds; SD = standard deviation; IQR = Interquartile Range.
0 20 40 60 80 100
0
20
40
60
80
Control group
Test 1 (sec)
Te
st
 2
 (s
ec
)
r = 0.918
0 50 100 150
0
50
100
150
mTBI group
Test 1 (sec)
Te
st
 2
 (s
ec
)
r = 0.949
Fig. 2. Correlation graphs of KD test-retest reliability in control (left) andmTBI (right) groups. Spearman's ρ's were 0.918 (p b 0.001) and 0.949 (p b 0.001) for repeated tests for the control
and mTBI groups, respectively.
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to combat or training environments.
Finally, there are two drawbacks to the KD card test. First, a con-
founding variable with test results is the reading speed is controlled
by the subject. This confounder may produce false positive or false neg-
ative results in soldiers. To reduce this issue, the KD test should not be
used as a stand-alone screening test for mTBI events. Other screening
tests, preferably objective, should be used in combination with the KD
test when determining RTD. Second, the KD card test is that it does
not provide information on what the eyes or visual system are doing
while performing the test. To address this limitation, KD test technology
has advanced with automated testing, and an automated KD test with
eye tracking integrated is currently undergoing test-retest validity at
US Army Aeromedical Research Laboratory in a separate study. Howev-
er, a disadvantage of such an automated test is that it has a larger phys-
ical “footprint” (compared to KD test card), and thus may have
difﬁculties being used as a screening device in deployment settings.
The ideal screening device would be developed into smaller device
such as a smartphone or tablet. With ever-advancing technology at
the ﬁngertips of front-line providers, having a quick mTBI assessment
tool can not only help make rapid screening decisions, but also give
eye-movement/attention information to higher echelons of care that
may be helpful for any potential rehabilitation treatments on the
brain-injured warﬁghter.
5. Conclusion
Traumatic brain injury, and especially mTBI, is an ongoing concern
among the military medical community and operational commanders.Co
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Fig. 3. Box- and-Whisker plots of (a) King-Devick test 1 controls and acute mTBI data and (b)
Range (25–75%) with the middle line the median value of the data. The “whiskers” extendi
differences between the controls and mTBI groups were seen in both test 1 and test 2 (p b 0.0Premature RTD places warﬁghters at greater risk of short- and long-
term disability if they suffer additional concussive brain trauma. Results
of the present study indicate the KD test shows promise as an additional
screening tool for mTBI. However, due to intrasubject performance var-
iability that can impact subjective test results, we recommend the KD
test be utilized as a supplementary screening tool in those who have
suffered an mTBI event. In addition, having pre-injury KD data will
allow a more precise determination; therefore, we recommend the KD
test be included as a baseline test for all warﬁghters prior to exposure
to risk of mTBI/concussion. Having a validated, rapid, easy-to-assess
mTBI brain screening test can assist frontline providers in making the
RTD decision to send the warﬁghter back to the “ﬁght”, or to a higher
echelon of care for more comprehensive tests.
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